A b s t r a c t
The performance of fine-needle aspiration (FNA) procedures by radiologists and pathology residents or fellows at locations distant from pathology faculty may limit a timely preliminary diagnosis. Valuable time is spent in transporting slides from the procedure location to the attending pathologist. The delay in providing a preliminary diagnosis may preclude timely reaspiration, necessitating inconvenient and costly additional visits and sometimes repeated high-risk procedures for the patient. The use of telepathology between the procedural and diagnostic locations could facilitate a timely preliminary diagnosis and could allow for the acquisition of additional cellular material, when needed.
Telepathology has been used in surgical pathology when the distance between the diagnostic pathologist and the pathology specimen is an obstacle to a timely microscopic interpretation. Examples include its use for primary diagnosis in underserved hospitals, 1,2 frozen section diagnoses, [3] [4] [5] [6] [7] and second opinions. Telepathology systems include static, dynamic/robotic, and hybrid platforms. In a review of multiple telepathology studies of cytologic, permanent section, and frozen section specimens, diagnostic accuracy rates ranged from 92% to 100%. [3] [4] [5] [6] 8, 9 A recent study of frozen section diagnosis by telepathology consultation between a chief resident and faculty member at our institution showed a diagnostic accuracy of 97%. 7 We believe this rate of accuracy would be acceptable for the initial interpretation of cytologic specimens.
In this study, we evaluated the feasibility of using a telepathology system for consultation between residents and faculty for the assessment of FNA specimens procured by trainees in pathology.
Materials and Methods
This study was approved by the University of Virginia Institutional Review Board for Health Sciences Research. FNA slides were obtained for 100 consecutive previously signed-out cases. None of the cases had ever been reviewed by the authors who participated in this study. Neither residents nor faculty members had any prior experience with this particular type of telepathology system. The cytologic specimens had been obtained from various clinical locations, including interventional radiology, endoscopy, inpatient bedside, and outpatient clinics. Variable numbers of Papanicolaou and rapid Romanowsky-stained smears were available for each case. Cell block, needle biopsy, monolayer preparations, and cytocentrifuged slides were not included for review. All prior screening marks were removed from the slides. Only the clinical information provided on the original requisition form was available for this study. Pathology residents at different stages of training (S.E.K., a second-year resident with 1 month of cytology training, and A.M.B., a third-year resident with 3 months of cytology training) independently screened half of the 100 cases and marked the slides to highlight areas of interest. The number of slides and time for screening were recorded for each case. Each resident showed half (25) of the cases to 1 faculty pathologist (E.B.S.) and the other half to the other faculty pathologist (M.L.C.P.-N.) for preliminary diagnosis. A speaker telephone was used for verbal communication between the resident and faculty member. The time for the resident-faculty interaction was recorded for each case.
A 12.5-megapixel cooled digital color camera (Olympus DP71, Olympus America, Center Valley, PA) was used for image acquisition with the microscope (Olympus BX50) and a Dell Optiplex GX 520 computer (Dell, Round Rock, TX) with a direct Ethernet connection. The 12-bit camera produced 36-bit RGB color depth and a 1.45 million pixel charge-coupled device (CCD) with a Bayer color filter. Resident pathologists were able to view and alter the lighting and contrast of the images. The CCD was coupled to pixelshifting technology enabling ultrahigh resolution of 4,080 × 3,072 pixels. This degree of high resolution enabled the system to have multiple functions while the resolution was scaled down for the transmission of images over the Internet. NetCam, a feature of the MicroSuite FIVE Basic Edition package (Olympus), used transmission control protocol/ Internet protocol (TCP/IP) to present a live image over the Internet via an assigned static IP address. The image server required login, and additional security was provided only by the pathology residents or faculty knowing the assigned IP address. The size of the NetCam-transmitted image was 800 × 600 pixels with an acquired resolution of 680 × 512 pixels.
The faculty pathologists had no control over the camera or the microscope but cooperated with the resident via speaker telephone from his or her office to arrive at a preliminary diagnosis. Available clinical information, including patient sex and site of biopsy, were relayed by telephone to the faculty pathologist. Initial fields of interest were chosen by the resident and shown to the faculty pathologist. The images were transmitted continuously while the resident was moving the slide on the stage, such that the faculty pathologist was viewing in real time what the resident was seeing on the microscope. Only the resident was able to manipulate the stage and focus the field of interest. If needed, additional fields were reviewed by cooperation between the faculty pathologist and resident.
After all telepathology diagnoses had been determined, results were compared with the original preliminary diagnoses made by other faculty pathologists in the department by usual microscopic review of glass slides. Final diagnoses for the cases were also reviewed. Original and telepathology preliminary diagnoses were considered concordant if the clinical significance of the preliminary diagnosis was considered equivalent. For example, non-small cell carcinoma and adenocarcinoma were considered concordant for the purpose of preliminary diagnosis; a discrepancy of a benign vs a malignant diagnosis would be considered discordant.
Results

Diagnostic Accuracy
The specimen sites for the series of 100 cases are listed in zTable 1z. Lymph node was the most commonly sampled site. Of the 34 specimens from lymph nodes, 5 were nondiagnostic. Of the 29 lymph nodes that had sufficient material, the diagnoses made included 12 metastatic (10 non-small cell carcinoma and 2 melanoma), 10 reactive, 2 lymphoma, 1 atypical lymphoid proliferation, and 4 deferred to await flow cytometric study. The number of slides available for each case ranged from 1 to 22 (mean, 6.5 slides). Of the 100 cases, 11 did not contain sufficient material for diagnosis, as agreed on by telepathology review and the original pathologist. The diagnostic concordance rate was 97%, and the diagnostic accuracy rate was 99%. The diagnoses of the cases with concordant results are shown in zTable 2z. Three cases gave discordant results zTable 3z.
The first discordant case was a lung specimen interpreted at telepathology review as "non-small cell carcinoma, favor squamous cell carcinoma," and the original preliminary diagnosis was "macrophages, defer to further screening." The final original diagnosis was "foamy histiocytes only; no evidence of malignancy." After the discrepancy was known, the slides were reviewed and the authors identified a few cells in clusters showing orangeophilic cytoplasm and hyperchromatic irregular nuclei. A mitotic figure was also identified. Owing to the paucity of material available, it was unclear whether the few cells represented degenerating squamous epithelial cells, histiocytes, or reactive alveolar pneumocytes. There was no histologic follow-up for this case.
The second discordant case was from a pancreas interpreted at telepathology review as "atypical glandular epithelium, suspicious for adenocarcinoma." The preliminary and final diagnoses were both "benign glandular epithelium." On light microscopy review, the authors agreed with the telepathology interpretation. On further investigation, a repeated FNA on the same patient a month later revealed a final diagnosis of "strips of atypical epithelium consistent with adenocarcinoma."
The third discordant case was from a lung/chest wall lesion that was interpreted at telepathology review as "rare spindle cells, possible low-grade spindle cell proliferation." On light microscopy review, the authors agreed with the telepathology interpretation. The preliminary and final diagnoses for this case were "blood only." On a core needle biopsy, the final diagnosis was "compatible with recurrent aggressive fibromatosis."
System Performance
There was only a short delay (<2 seconds) between transmission of each image and the receipt of the image by the staff pathologists. Because the system was new to the residents and pathologists, the first few cases took more viewing time (telepathology time spent showing each case to the faculty pathologist who made a preliminary diagnosis). Although the quality of the images was not the same as that using a microscope, it was more than acceptable zImage 1z, zImage 2z, zImage 3z, and zImage 4z. The quality of the images reflected the variable quality of the stained smears. Occasionally, the images were not as sharp as expected, especially when viewed at higher magnification (×400 or greater) in the thicker portions of the smears. Thinner portions of the smears yielded images of good quality. Practice with the manual control of lighting and contrast allowed improvement of the quality of the images.
Time Studies
Resident screening time for each case ranged from 41 seconds to 30 minutes, 19 seconds (mean, 6:35 minutes). The telepathology viewing time ranged from 10 seconds to 12:50 minutes (mean, 3:52 minutes). The total time for screening and faculty viewing ranged from 1:12 to 34:11 minutes (mean, 10:27 minutes). When the junior resident was involved, the total time ranged from 1:12 to 34:11 minutes (mean, 11:12 minutes), and when the senior resident was involved, the total time ranged from 1:19 to 25:46 minutes (mean, 9:42 minutes). More time was needed for cases with numerous slides and scant diagnostic tissue (eg, the case taking more than 30 minutes to screen was an FNA of a pancreas lesion with 22 slides available for review; only scant benign acinar tissue was identified after extensive screening). 
Discussion
In this study, we evaluated the feasibility of using a telepathology system for making preliminary diagnoses of FNA specimens through the cooperation of a pathology resident and a consulting pathologist. On review of 100 consecutive cytology cases, we found a diagnostic concordance rate of 97% and a diagnostic accuracy rate of 99%. The average time for preliminary diagnosis, including screening time by the resident, was less than 11 minutes. Given the high diagnostic accuracy of our telepathology system and the timely manner in which diagnoses can be made, this method may be useful for improving the turnaround time for preliminary cytologic diagnoses in hospital settings or off-site clinics having a paucity of available cytopathologists to make immediate bedside or on-site radiology-guided aspirate evaluations. In fact, we currently have this system installed in an off-site clinic.
For the junior resident who participated in this study, the mean turnaround time was longer, although this difference may not be clinically significant. Nevertheless, the junior resident was involved in the case that was diagnosed incorrectly by telepathology. Our telepathology system relies heavily on the resident to show key findings to the pathologist, and a zImage 1z Adenocarcinoma in a fine-needle aspiration specimen of a left-sided neck lymph node in a patient with a history of prostate cancer (rapid Romanowsky).
zImage 2z Benign hepatic parenchyma in a fine-needle aspiration specimen of the liver in a patient with a lung lesion and a liver mass (Papanicolaou).
zImage 3z Papillary carcinoma in a fine-needle aspiration specimen of a neck mass in a patient with a history of papillary carcinoma of the thyroid (Papanicolaou).
zImage 4z Squamous cell carcinoma in a fine-needle aspiration specimen of a left neck mass (Papanicolaou).
certain level of cytology competence is required before a resident can be given the responsibility of showing cases using the telepathology system. In the specific case of misdiagnosis in our study, the resident's misinterpretation was likely due to limited experience and overinterpreting macrophages/histiocytes as atypical squamous cells; the limitations of resolution of the image may have contributed to the faculty pathologist's misinterpretation. It is interesting that histiocytes have previously been reported to be a cause for false-positive telepathology diagnoses. 10 Two of the discordant cases were actually diagnosed more properly at telepathology review and likely resulted from more diligent screening. Both cases were judged to be "atypical" by telepathology review, but neither was truly diagnostic of a particular lesion.
The components of the telepathology system that we used to acquire and transmit images included a double-headed microscope, digital camera, monitor, and computer. The complete cost of the system was approximately $30,000. Staff cytopathologists are able to bill (Current Procedural Terminology code 88172) for telepathology services as long as they participate in key portions of the diagnosis with residents and fellows who then transcribe the verbal diagnosis and transmit it to the primary physician or interventional radiologist. Staff cytopathologists are legally responsible for all cases in which they provide diagnostic services, including telepathology. 9 Our telepathology system, fostering cooperation between residents or fellows and pathologists, seems to be an efficient and accurate method for the initial assessment and preliminary diagnosis of cytopathologic specimens in an academic setting. As optimal telepathology is dependent on the skill and experience of the resident or fellow to show key findings to the pathologist, we recommend its use with more senior and experienced trainees. Although cytotechnologists did not participate in this study, we believe that with adequate training on the technical aspect of this telepathology system, experienced cytotechnologists could be similarly proficient to the senior residents. Similar pitfalls inherent in conventional microscopic cytopathologic diagnosis also apply to telepathology.
